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ABSTRACT 
Dynamic simulation is the use of a computer program to model the time varying 
behaviour of a system. Meanwhile, dynamic simulation in metabolic engineering is the 
study of processes within cells on the specific time range and usually described by 
Ordinary Differential Equations (ODE) or Partial Differential Equations (PDE) in the 
mathematical models. Dynamic simulation helps save time and may contributed in 
producing better products and gives opportunity to mathematician to propose new or 
better mathematical model. However, existing dynamic simulation tools are too 
complex and scientists are preferred to do hard-coded simulation. Therefore, this thesis 
is about the development of simplified dynamic simulation tools and it is focusing on 
main metabolic pathway of Escherichia coil. The development tools used in this project 
are Visual Studio 2010 integrated with MATLAB r2013a and MySQL. User can inserts 
dynamic equations, kinetic equations as well as kinetic parameters and result of graphs 
will be shown based on one (1) simulation project.
ABSTRAK 
Simulasi dinamik ialah penggunaan program komputer untuk model tingkah laku masa 
yang berbeza-beza dalam sesebuah model. Sementara itu, simulasi dinamik dalam 
bidang kejuruteraan metabolik ialah kajian proses dalam sel-sel padajulat masa tertentu 
dan biasanya digambarkan oleh persamaan pembezaan biasa atau persamaan 
pembezaan separa dalam satu model matematik. Simulasi dinamik membantu 
menjimatkan masa dan simulasi dinamik boleh menyumbangkan dalam penghasilan 
produk yang lebih baik dan memberi peluang kepada ahli matematik untuk memberi 
cadangan model matematik barn atau yang lebih baik. Walau bagaimanapun, alat 
simulasi dinamik yang sedia ada terlalu kompleks dan saintis Iebih suka melakukan 
simulasi berkod-keras. Oleh itu, tesis mi mengenai penghasilan alat simulasi dinamik 
yang dipermudabkan dan alat mi berfokus kepada laluan utama metabolik Escherichla 
coil. Alat pembangunan yang digunakan dalam projek mi adalah Visual Studio 2010 
disepadukan dengan MATLAB r2013a dan MySQL. Pengguna boleh memasukkan 
persamaan dinamik, persamaan kinetik dan parameter kinetik dan graf akan dihasilkan 
daripada satu (1) projek simulasi.
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CHAPTER 01 
INTRODUCTION 
1.1	 Introduction 
The technologies of bioprocess that are specialize in Biotechnology, Chemical 
Engineering and Agricultural Engineering have play the important role in expanding the 
knowledge of living systems and bring new or better products in food, feed, 
pharmaceuticals and many more. One of the examples of the bioprocess technology is 
metabolic engineering. Metabolic engineering is the modification of metabolic 
pathways in one organism for understanding the purpose and utilizes their pathways for 
chemical transfonnation and energy transduction (Lessard, 1996) in order to produce a 
lot of beneficial for mankind. It is also a distinct subfield of genetic engineering as the 
scientists are practicing the modification of genetic within the cell or microorganisms 
according to cell behaviour which related to the series of biochemical reaction and 
enzyme within a cell. 
As one organism consists of various pathways in metabolic network, it may give 
an opportunity to scientists to discover a new phenomenon of organisms that can 
improve human life. Many mathematical models have been proposed to study the 
metabolic pathway but yet there are still more undiscovered behaviours of the cell. This 
gives an opportunity to mathematician and computer scientist to propose and create a 
new model and simulate the behaviours of engineered cells (Abdul Kadir, 2010).
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Simulation gives many advantages and it is practical in engineering field as the 
experiments on the real systems are quite dangerous and consuming time and money. 
From simulations, engineers or scientists can save lots of time and money from doing 
the exhaustive experiments. Moreover, it is also a great chance to the computer 
scientists to develop the simulation tools that maximize the requirement needs. 
Therefore, this thesis is about the development of simulation tools, focusing on 
metabolic pathway of microorganisms - Escherichia coli 
1.2	 Problem Statement 
Dynamic simulation in metabolic engineering gives advantages in study the 
behaviours of cells respective to timeline. Since bacteria grow fast in one culture, it 
takes time to extract the behaviours of the bacteria one by one and yet one must conduct 
the experiment again in order to get desired result. Besides, conducting a lot of 
experiments consume a lot of money. 
Nowadays, there are a lot of simulation tools and applications are available in 
market. As the simulation application has been introduced, most of scientists found it 
quite difficult to use (Osman Balci, 2001) due to complexity of the modelling and 
simulation (M&S) applications in the technical part. It requires expertise of self-explore 
to use advance simulation tools. So, there are two approach that scientist used in 
simulate their model. The first technique is manual simulation (Abdul Kadir, 2010) and 
another one is the used the available simulation tools (Sylvain Franke, 2009; Kurata, 
2003; Kitano, 2008; Tomita et al., 1999) 
For manual simulation, scientists normally prefer to do hard-coded (Abdul 
Kadir, 2010; Herbert et al., 2003) in well-known available tools like matrix laboratory 
(MATLAB). If they want to change the mathematical model, they need to change the 
programming code according to respective rules. It consumes time and risk during the 
hardcode-changingprocess as the one may accidentally delete certain part of codes as 
mathematical models in biology computing is way too complex.
As for available simulation tools, scientists need to study the features available 
)efore using it. Some of the features are complex and scientists might found it difficult 
o use. Therefore, it is a great chance to develop simplifies simulation tools that 
;imulate the model as well as verifying experimental data with simulation data. 
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Objectives 
[he objectives of the project are: - 
[.	 To identify the general dynamic model process of the main metabolic pathway 
of Escherichia coli 
To design the dynamic simulation tools for Escherichia coil main metabolic 
pathway. 
To develop the prototype for dynamic simulation tools by implementing 
ordinary differential equation (ODE) of Runge-Kutta 
1.	 To validate the functionality of the dynamic simulation tools. 
1.4	 Scopes 
The scopes of this project are divided into three (3) categories - data scope, 
platform and functionality of the system tools. In data scope, the case study is based on 
Abdul Kadir, 2010 papers. For the first prototype, user can input minimum two (2) 
metabolites and maximum (9) metabolites and follow by inputting kinetic equations 
which amounts are less than one metabolite. For example, if user wants to input two 
metabolites, the amount of kinetic equations will be one. For data simulation, this 
simulation tools are using Runge-Kutta method (ODE). 
For platform scope, at the meantime, this simulation tools are developed in 
Windows based platform system using C# language and NET framework of Visual 
Studio 2010 integrated with MATLAB R2013  and MySQL.
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Besides that, tools' functionalities are divided into two categories. The first part 
is on the metabolites configuration while the second part is on the graph configurations. 
In metabolites configurations, the user need to undergo four (4) tab pages - 
Metabolites, Dynamic Equations, Kinetic Equations and Kinetic Parameters in order to 
configure the metabolites. The last tab will be the summary of the user metabolite 
configurations. In graph configurations, the user needs to undergo one (1) tab page 
which is about displaying the graphs. The details of design can be found in Chapter 
Four (4) of this thesis. 
1.5	 Thesis Organization 
This thesis consists of Six (6) Chapters - Chapter One (1), Introduction; Chapter 
Two (2), Literature Review; Chapter Three (3), Methodology; Chapter Four (4), 
Design; Chapter Five (5), Implementation; Chapter Six (6), Result and Discussion and 
last but not least, Chapter Seven (7), the Conclusion Chapter. The Introduction Chapter 
is mainly about the dynamic simulation tools overview. It is brief explanation about the 
metabolic engineering and how it is related to mathematician with M&S and computer 
scientist. Chapter Two (2) is about the detail of metabolic pathway model used in tools 
development and technique that being used. This chapter is also about the study of 
existing system that available in market. Overall framework discussion on the 
development of dynamic simulation tools are discussed in Chapter Three (3), the 
Methodology Chapter. Meanwhile, Chapter Four (4) is mainly about designing the 
system and interface. Besides, Chapter Five (5) is a discussion on a framework 
development where the main metabolic pathway model is implemented in algorithm 
and been developed in Microsoft Visual Studio 2010 integrated development 
environment (IDE). Moreover, Chapter Six (6), the Result and Discussions Chapter are 
the Discussion Chapter based on tools development and result that produced from the 
project. Lastly, Chapter Seven (7) - Conclusion Chapter is about the overall project 
Conclusions.
CHAPTER 02 
LITERATURE REVIEW 
	
2.1	 Introduction 
This chapter is about the overview of metabolic engineering, modelling and 
simulation, dynamic equations, existing tools available in market, numerical method of 
ODE and any domain of studies that are related to this thesis. The main purpose of this 
chapter is to increase the knowledge and understanding about the background of this 
project. 
	
2.2	 Metabolic Engineering and its advantages 
Metabolic engineering is the systematic analysis and modification of subjects' 
metabolic pathway using molecular biological techniques in order to improve their 
cellular properties (Koffas M. et al., 1999). This field focuses in systems biology, 
biochemical engineering, genetic engineering, applied microbiology and cell 
physiology fields. Metabolic engineering promising a better improvement in many 
fields and it is practically importance as it improves mankind life. For example, we 
usually see the blue roses in cartoons and we are very keen to have it in real life. More 
than 200 years, scientists are doing research, trial by error method, or any related 
inheritance techniques to get the desire result. As times goes by, the technology of 
Deoxyribonucleic Acid (DNA) recombinant has brought the fairy tales come to live 
(Sang Yup Lee and Papoutsakis, 1999).
According to James E. Bailey, Ph.D., more chemically complexes are 
implemented as industries keep moving drastically for better production of mankind. 
One of the main thing need to be concern is environment and metabolic engineering can 
undoubtedly eliminate the several central limitations in order to reach the aim. This can 
be proven as there is the availability of microbial biodegradation (Jianlin Xu et al., 
2003) which is for clean up contaminated environments. 
Wurtzel and Erich Grotewold (2006) stated that there are a lot of benefits if we 
know the correct way to manipulate the metabolic pathway of the plant in order to 
increase the desired plants or even undesired products. By identified mutant gene of 
respective enzyme, one can eliminate the specific enzymes activity in metabolic 
pathway. In culture the plant cells, it is one of way to growing differentiated plant 
tissues if transform cell lines with genes encoding regulatory factors in order to modify 
the metabolic pathway. 
Mankind genome is like blueprint (Pedro Romero et al., 2004) that consists of 
complex process. In order to study and understand the process, it is recommend 
defining biochemical transformation regulated sequences or in other word to assign 
enzyme production to metabolic pathway. It will then trigger missing enzymes within 
pathway after being validate and yet, they predicted that they can find the missing 
enzymes within the human body. Moreover, applying metabolomics in metabolic 
pathway can also reveals alteration of lipid and amino acid catabolism of HIV-infected 
person (Edana Cassol et al., 2011). 
2.3	 Modelling and Simulation in metabolic engineering 
In general, modelling is representative of one model that similar to real system 
while simulation is the operation of one system. The practice used of modelling and 
simulation in engineering is quite well known. Meanwhile, dynamic simulation is better 
known as experimentations with model based on interest timeline in order to study the 
behaviour of the one system.
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Before simulate the system, scientists and engineers must define general-
purpose models that abstract the important behaviour of one constraint in real world and 
usually it is represented in mathematical models. In metabolic engineering, the 
mathematical models usually described in Ordinary Differential Equations (ODE) or 
Partial Differential Equation (PDE) and it required numerical methods in order to solve 
the equations. A lot of simulation runs can increase the possibility to get the desired 
result. Therefore, it is important to consider the parameters, dynamic equations and fast 
and user-friendly computer programs (Korn, 2011) as the requirements. 
Simulation is the safer way to experiment with design and operation of projects 
compared to real-world experiments and it is cheaper. In addition, it allowed to 
manipulate the models and validated it later on by real-world tests. According to Abdul 
Kadir (2010), dynamic simulation helps determine the undiscovered phenomenon by 
checking the metabolism of specific gene knockout with helps of mathematical model. 
Besides, it helps in checking the desired characteristics in cells without conducting lots 
of trial by error experiments in order to find the potential cells candidates that will be 
verified with experiment in real world later on. 
There are many existing tools available to simulate the metabolic pathway of 
one subject. The example of tools are CADLIVE dynamic simulator (Kurata et al, 
2005), CellDesigner (Funahashi et al, 2008), B-Cell (Tomita et al., 1999), B-Cell 3D 
and MATLAB. 
2.3.1 CADLIVE dynamic simulator 
Computer-Aided Design of LIVing systEms (CADLIVE) is a dynamic 
simulator developed by Professor Hiroyuki Kurata with staffs at Mitsui Knowledge 
Industry Co., Ltd. in 2005 that used rule-based automatic way to convert biochemical 
network map into dynamic models using Graphic User Interface (GUI) in order to 
simplify the details of exact kinetic parameters. According to Kurata (2003), the tools 
used regulator-reaction equation to show the relationship between regulators and their 
regulated reactions. It is available for windows based Internet Explorer platform as 
what being mention in the simulator website.
Network
Construction
Editor
I 
8 
Database 
Figure 2.1.1: The process flow of the conversion of a biochemical network map to 
mathematical equations in CADLIVE Simulator. 
i 4ie41 
I
::'	 TTTT
J 
Figure 2.1.2: Screenshot of network construction of biochemical network using 
CADLIVE Simulator
Features that available in CADLIVE are as following:-
a) User do not have to go detail on exact biochemical reaction 
b) It use a powerful control engineering method 
C)	 The kinetic parameters is generated by genetic algorithm 
d) Efficiency and practically used right rules to integrate 
e) Convert mathematical model efficiency and accurately. 
f) Analyse the mathematical model with simulation tools IDE 
2.3.2 CeilDesigner 
CellDesigner is an advance graphical model representation with simple user-
interface that describe biochemical and gene regulatory network. Kitano (2008) stated 
that one can convert the biochemical network drawing based on process diagram with 
graphical notation and stored it using System Biology Markup Language (SBML). One 
of the good thing about this tools is that it can be linked with simulation by integrate 
with SBML ODE Solver and Copasi and other analysis packages via Systems Biology 
Workbench (SBW). Moreover, this system can modify the existing SBML model as 
well as use the existing model in database provided. 
Figure 2.2: CeilDesigner screenshot
